Introduction
Healthcare-associated infections remain a major patient safety concern, causing significant patient mortality, morbidity and healthcare costs, despite being largely preventable (Umscheid et al., 2011) . Nurses are critical in preventing healthcare-associated infections, with nursing-driven procedures, including nurse initiated urinary catheter removal protocols resulting in sustained reductions in catheter-associated urinary tract infections (Meddings et al., 2014; Parry et al., 2013) . While numerous studies continue to highlight the important role nurses play in infection prevention, only a handful of studies have examined the infection prevention education that nurses receive prior to entering the workforce (Celik and Kocasli, 2008; Darawad and Al-Hussami, 2013; Hinkin and Cutter, 2014) . These studies have assessed certain infection prevention areas, e.g. hand hygiene, personal protective equipment, and isolation precautions, yet, have overlooked the importance of student nurses' ability to insert and maintain invasive devices properly. The proper insertion and maintenance of invasive devices (e.g. urinary catheters) is becoming increasingly important especially as device-associated healthcare-associated infections comprise the vast majority of healthcare-associated infections (Umscheid et al., 2011) and as studies have found poor device insertion and maintenance technique in hospital settings (Fakih et al., 2012; Manojlovich et al., 2016; Stone et al., 2014) .
The relationship between the duration of infection prevention education received and student nurses' self-reported knowledge, attitudes, and practices is unknown. Schools of nursing commonly integrate infection prevention education throughout students' course curriculum and do not provide a dedicated infection prevention course . This 'integrative' educational approach may result in variation in the hours of infection prevention education that student nurses receive, and impact student nurses' knowledge, attitudes, and practices.
Given these identified gaps, the aim of this study was to examine the relationship between the hours of infection prevention education received and student nurses' knowledge, attitudes, and practices in hand hygiene, personal protective equipment, isolation precautions, and aseptic technique. We used student nurse self-report to quantify the hours of infection prevention education received because we were interested in student nurses' perceptions of the time their program dedicated to infection prevention content.
Methods

Sample
We surveyed a national sample of student nurses from February 10 to March 10, 2016. Student nurses were identified through their membership in the National Student Nurses Association (NSNA), a nonprofit organization that promotes the development of students enrolled in associate, baccalaureate, diploma, and graduate nursing programs in the US (National Student Nurses Association, 2016). All NSNA student members with active email addresses (N =52,063) were invited to participate in the anonymous, web-based survey.
Survey Instrument Development and Testing
A team of nurses with expertise in pedagogy, infection prevention, and survey design developed the survey after reviewing the literature on student nurse infection prevention education. The survey included 45 Likert-scale questions and was separated into five sections: 1) overall impressions and experiences of course curriculum related to infection prevention and control; 2) hand hygiene; 3) personal protective equipment; 4) isolation precautions; and 5) aseptic technique. We selected these infection prevention areas as respondents were likely to have been exposed to these concepts in the classroom and clinical setting, and because these practices are essential to the prevention of healthcare-associated infection (Collins, 2008) . Respondents were asked to assess the time, quality, and location of education (clinical setting, classroom, simulation) they had received in these infection prevention areas and how difficult it was to carry out these practices when busy. We also asked respondents to comment on statements using free-text: 1) I have witnessed poor practices related to infection prevention and control in my clinical rotations; and 2) I feel comfortable speaking up when I see poor practices related to infection prevention and control in my clinical rotations. A convenience sample of nurses (N = 6) who were enrolled in a variety of nursing degree programs piloted the survey prior to formal use, confirmed that survey questions were clear and not burdensome, and reported that the survey took approximately 10-15 min to complete. Columbia University Medical Center's institutional review board approved this study.
Survey Administration
Surveys were distributed electronically by NSNA to student members using a commercial survey software package (SurveyMonkey, https://www.surveymonkey.com/). Weekly study email reminders were also sent to encourage participation.
Data Analysis
We first explored survey responses using descriptive statistics. Using separate logistic regression models, we then examined the factors associated with respondents' reporting that it was difficult for them to carry out a specified infection prevention practice when busy (hand hygiene, personal protective equipment, isolation precautions, and aseptic technique). Included in this multivariate logistic regression model were: 1) the hours of education the respondent reported to have received in a particular infection prevention area; 2) the setting where the respondent reported to have received the majority of infection prevention education (i.e. lecture, simulation, clinical); and 3) the respondent's current program of study (i.e. bachelors, associates/diploma, or master's direct entry). Factors associated with respondents' confidence in inserting and maintaining invasive devices using aseptic technique were also assessed.
Free-text survey responses were analyzed using a directed and conventional content analysis (Hsieh and Shannon, 2005) . We used a directed content analysis to categorize the types of infection prevention breaches that student nurses had observed in their clinical setting, in which two researchers assigned predefined codes to survey data. Predefined codes were based upon a previous study in which researchers identified common infection control hazards reported by student nurses (Geller et al., 2010) . We performed a separate conventional content analysis to categorize the factors that student nurses had considered when deciding to confront the poor infection prevention practices witnessed in clinical rotations. In using this method, two researchers reviewed survey responses and generated codes based on the information reviewed (Hsieh and Shannon, 2005) .
Results
A total of 3678 students responded for a response rate of 7%. Among respondents, 3353 (91%) were female, 2489 (67%) were enrolled in a baccalaureate program, and 2427 (66%) were 29 years of age or less, detailed in Table 1 .
Overall Impressions and Experiences of Course Curriculum Related to Infection Prevention and Control
The vast majority (98%) of respondents agreed that nurses play an important role in preventing the spread of infections in healthcare settings and that infection prevention practices help protect them from contracting infections. While 98% of respondents reported that their nursing program emphasizes the importance of infection prevention, 1324 students (38%) believed that additional infection prevention education is needed in their nursing program.
The largest proportion of respondents reported receiving 1-3 h of education in hand hygiene, personal protective equipment, and isolation precautions, and receiving 4-8 h of education in aseptic technique, Fig. 1 . The setting of education varied, with the largest proportion of respondents (44%) reporting that they received most of their education in isolation precaution in lecture and 63% of respondents reporting that they received most of their education in aseptic technique in simulation, Fig. 2 . We describe findings related to each infection prevention area below.
Hand Hygiene
Nearly 98% of respondents agreed that they: 1) know when and how to perform hand hygiene when caring for patients; 2) believe that hand hygiene is effective in preventing the spread of infections; and 3) believe that their nursing program emphasizes the importance of hand hygiene when taking care of patients.
When asked where respondents had received the most of their hand hygiene education in their nursing program, 46% reported the simulation lab, 33% reported in lecture, and 20% reported in the clinical setting. The hours of education spent in their program on hand hygiene were reported as: less than 1 h (10%), 1-3 h (45%), 4-8 h (22%), and >8 h (22%). A total of 676 (19%) of respondents reported that they often found it difficult to perform hand hygiene when busy.
Personal Protective Equipment
Nearly 97% of respondents reported that they know when and how to use different types of personal protective equipment, and that they believe their nursing education emphasizes the importance of personal protective equipment.
Respondents reported receiving most of their education on personal protective equipment in the simulation lab (47%), clinical setting (27%), and lecture (26%). The hours of education received on personal protective equipment were reported as: less than one hour (12%), 1-3 h (49%), 4-8 h (24%), and >8 h (14%). A total of 727 (21%) of respondents reported that they often find it difficult to use personal protective equipment when busy.
Isolation Precautions
Nearly 97% of respondents agreed that they: 1) know why different types of isolation precautions are used; 2) know how to follow isolation precautions; and 3) believe that their nursing education emphasizes the importance of isolation precautions.
When asked where respondents had received the most of their education in isolation precautions in their nursing program, 43% reported in lecture, 29% reported in simulation lab, and 28% reported in the clinical setting. The hours of education spent in their program on isolation precautions were reported as: less than 1 h (17%), 1-3 h (49%), 4-8 h (23%), and >8 h (12%). A total of 639 (18%) of respondents reported that they often found it difficult to follow isolation precautions when busy.
Aseptic Technique
Nearly 99% of respondents agreed that they understand the meaning of aseptic technique and believe that the aseptic placement and maintenance of invasive devices are effective in preventing the spread of infections. Respondents reported receiving most of their education on aseptic technique in the simulation lab (63%), lecture (21%), and the clinical setting (15%). The hours of education spent in their program on aseptic technique were reported as: less than 1 h (7%), 1-3 h (32%), 4-8 h (34%), and >8 h (27%).
Approximately 12% of respondents reported not feeling confident in their ability to insert and maintain invasive devices using aseptic technique and 16% reported that they often found it difficult to insert and maintain invasive devices using aseptic technique when busy.
Regression Results
Multivariate regression results of factors associated with respondents agreeing that it is difficult for them to carry out hand hygiene, personal protective equipment, isolation precautions, and aseptic technique when busy are detailed in Table 2 . The hours of infection prevention education received was significantly associated with respondents agreeing that it was difficult for them to carry out all infection prevention practices when busy (hand hygiene, personal protective equipment, isolation precautions, and aseptic technique). Specifically, respondents that received less than 1 h of education in infection prevention practices were significantly more likely to report difficulty in carrying out infection prevention practices when busy than those who received more education, p < 0.0001, Table   2 .
The setting of education was only statistically significant when evaluating the relationship between education setting and student nurses' reported confidence in inserting and maintaining invasive devices using aseptic technique. Specifically, respondents who received most of their aseptic technique training in simulation or in the clinical setting were more likely to report feeling confident in their ability to insert and maintain devices than those who received the majority of education in lecture (p = 0.003), Table 3 .
Concordance Between Classroom and Clinical Experiences
While 89% of respondents reported that there is agreement between what they are taught in school and what they observe in clinical rotations, 51% of respondents noted that they had witnessed poor practices related to infection prevention and control in their clinical placement. A total of 1691 respondents submitted free-text responses in response to the statement, "I Have Witnessed Poor Practices Related to Infection Prevention and Control in my Clinical Rotations." These witnessed breaches included observations in categories of personal protective equipment, environmental or equipment contamination, aseptic technique, and hand hygiene. Regarding personal protective equipment, respondents noted the improper use of personal protective equipment among hospital staff, particularly around isolation precautions. Respondents also noted a lack of accessible personal protective equipment supplies, which contributed to poor compliance. Regarding environmental and equipment contamination, respondents noted poor environmental and equipment hygiene in the clinical setting. Regarding aseptic technique, respondents noted breaks in sterile technique in a range of patient care procedures, from indwelling catheter insertion to accessing intravenous lines. Respondents also witnessed staff not performing hand hygiene before or after direct contact with a patient or patient environment, and a lack of hand hygiene supplies, which they suggested contributed to poor hand hygiene compliance. These categories of witnessed breaches and representative quotes are presented in Table 4 .
Among respondents that observed poor infection prevention practices in their clinical setting, 70% felt comfortable speaking up when they witnessed non-compliance. A total of 812 respondents submitted free-text responses in response to the following statement, "I feel comfortable speaking up when I see poor practices related to infection prevention and control in my clinical rotations." Content analysis revealed four themes. The first theme, "history of speaking-up, but concerns not taken seriously" emerged from respondents indicating that they had addressed poor infection prevention practices in the past, but that these concerns would not be taken seriously. Respondents also indicated that they fear not being taken seriously if they were to address non-compliance. The second theme, "willingness to speak-up", emerged from respondents indicating that they would address poor infection prevention practices indirectly, e.g. by asking a relevant and timely question to hospital staff or by providing hospital staff with necessary supplies. The third theme, "difficulty speaking up", emerged from a reported reluctance to speak-up when observing poor infection prevention practices in their clinical setting for fear that they would disrespect or undermine nurses, would appear rude or as a "know-it-all", or because they felt less experienced than those that had been working in the clinical setting. While these respondents reported that they did not feel comfortable raising their concerns to hospital staff, they commonly reported that they shared their concerns with their clinical instructor. The final theme, "fear of retaliation" emerged from respondents expressing discomfort speaking up for fear of personal retaliation or repercussion from those they are training alongside in the clinical setting (nurses, nursing assistants, MDs), as well as repercussions to the relationship between the clinical setting and academic institution. These themes regarding student comfort speaking up when witnessing poor infection prevention compliance and representative quotes are presented in Table 5 .
Discussion
In analyzing survey results from a national sample of student nurses in the US, we found that the overwhelming majority of respondents reported understanding when, why, and how to use infection prevention practices, and the importance of these practices among nurses. These findings contrast with previous studies that have found inconsistent infection prevention knowledge among student nurses (Celik and Kocasli, 2008; Darawad and AlHussami, 2013; Hinkin and Cutter, 2014) . This variation may result from the variety of instruments that researchers have used to evaluate student nurse knowledge, or may indicate cultural differences, with previous studies being conducted in the United Kingdom, Thailand, Taiwan, Jordan, and the US.
Despite the majority of respondents believing that their nursing education emphasized the importance of infection prevention, nearly two-fifths of respondents believed additional education in infection prevention and control is needed in their nursing program. One of the greatest opportunities for improvement identified in this study is a need for better alignment between the infection prevention education that student nurses are taught in the classroom and observe in the clinical setting. Consistent with published reports, we found that student nurses were knowledgeable and cognizant of infection prevention concepts as evidenced by their ability to identify and provide instances of non-compliance in the hospital. Studies consistently show that student nurses observe discordance in infection prevention expectations and behaviors between the classroom and patient-care setting (Cox et al., 2014; Geller et al., 2010; Gould and Drey, 2013) . Geller et al. (2010) analyzed 3492 comments related to hazards and near-misses reported by student nurses during clinical rotations and found that nearly one-quarter of comments were infection related. Student nurses reported that they had observed staff non-compliance to isolation precautions, aseptic technique, hand hygiene, environmental contamination, etc., which is similar to our analysis of free text comments. Hospitals often employ "secret-shoppers" who monitor staff compliance to infection prevention practices as a quality assurance measure. The experiences and insight of student nurses may supplement such existing methods to monitor compliance and may be used to help improve infection prevention practices in hospitals.
In contrast to a recent literature review that concluded there is a lack of rigorous evidence to show that infection prevention education improves infection prevention compliance (Ward, 2011) , we found that the hours of infection prevention education received was significantly associated with student nurses' self-reported ability to comply with infection prevention practices. This is likely due to an increased understanding of infection prevention concepts and awareness of how infection prevention practices may be correctly performed. Cox et al. (2014) explored the knowledge and practices of nurse graduates through in-depth interviews and found that participants believed infection prevention education and peer-role modeling played a substantial role in early nurse graduates' infection prevention behaviors. In discussing peer-role modeling, the authors described that when poor infection prevention practices are repeatedly witnessed, individuals become desensitized to infection prevention behaviors and subsequently begin to model observed practices. In finding that the quantity of infection prevention education received is associated with infection prevention compliance, our study adds to the growing body of the literature that has identified that infection prevention behaviors are complex (Yanke et al., 2014) . While researchers have shown that infection prevention behaviors are contingent on a host of factors, e.g. the environment, availability and ease of equipment and products (Carter et al., 2016 (Carter et al., , 2015 , we found that student nurse education and witnessing sub-optimal infection prevention practices may also play important roles.
Simulation is used to supplement didactic training (Goldrick, 1990) and may be an effective substitute for clinical hours (Hayden et al., 2014) . We found that simulation training may pose additional benefits compared to lecture-alone, with respondents that had received most of their aseptic technique education in simulation displaying significantly higher levels of confidence in aseptic technique. In contrast to lecture-based learning, which is conducted in a pure education environment and does not include hands-on training, and in contrast to clinical-based learning, which co-occurs with patient care activities that are often subject to time constraints, simulation mimics patient care scenarios in a controlled clinical environment that is paced according to the needs of the learner (Goldrick, 1990) . Prior studies have shown that aseptic technique compliance during device insertion and maintenance are sub-optimal and can be improved through staff education and real-time feedback (Fakih et al., 2012; Manojlovich et al., 2016) , inherent to simulation training. Our findings lend support to the use of simulation as a principal method of educating student nurses in aseptic technique.
Limitations
This study has several limitations. First, the survey was sent only to members of NSNA with active email addresses. These individuals may be more likely to have an orientation and interest in policy and practice issues facing the nursing profession. Secondly, the response rate, as is common in such surveys, was quite low. Hence, the data are subject to nonresponse and selection bias. Because the survey was anonymous, we cannot compare responders with non-responders, but the demographic characteristics of responders were similar to NSNA membership. While it is not possible to estimate the direction of any bias associated with these limitations, there are still clear implications of the findings for nursing education. Last, the survey relied on self-report; additional studies are needed to objectively determine the optimal number of hours that schools of nursing should dedicate to infection prevention education, and to correlate the infection prevention education taught with student nurse infection prevention practices.
Conclusion
Hours of infection prevention education received among student nurses was significantly associated with student nurses' self-reported ability to comply with infection prevention practices. Additional studies are needed to objectively quantify the hours of infection prevention education provided through student nurses' course curriculum. Better alignment is needed between the infection prevention practices taught in the classroom setting and the infection prevention practices observed in patient care settings. Student nurse observations and experiences of infection prevention practices may be used to complement existing methods used in hospitals to prevent healthcare-associated infections. Table 4 Witnessed infection prevention breaches and representative quotes.
Type of breach witnessed Representative quote
Personal Protective Equipment "Contact/droplet precautions are not consistently followed due to a lack of PPE, laziness, and inefficiency" "I had a nurse who didn't adhere to the isolation practices required for the flu virus with one of her patients. She walked in without any protection." "A nurse changing sheets of a c diff patient with no gloves no gown." "At times, I have seen nurses…not wear PPE when needed." "I have observed nurses remove gloves during venipuncture to assess the veins easily"
Environmental or equipment contamination "Emergency rooms do not clean beds adequately and nursing staff may use a cloth to wipe -with or without gloves." "Contact precaution patients' rooms… nurses, lab techs, and doctors may not…wipe off equipment when coming out of the room." "At some hospitals, I have witnessed little things, such as the glucometer not being wiped down from room to room." "I have seen shortcuts. Dirty linens on the floor, then picked up and carried to the hamper. Dirty wash clothes placed on the counter. Small things like this add up."
Aseptic technique "Breaking sterile technique during catheter insertion." "A nurse didn't scrub the hub on an IV." "I witnessed a nurse insert a Foley catheter with almost complete disregard for sterile technique." "I watched an IV inserted on a toddler with no prior hand washing or gloves." "I have witnessed other nurses skipping over important steps in their skills to save time such as scrubbing an IV hub or not using sterile technique to change a catheter or clean a trach."
Hand hygiene "Already after only 12 h of clinical time, I have seen nurses and CAN's go a whole shift without washing their hands." "During my med-surg clinical we witnessed medical professional enter rooms without pumping in, and in some cases "faking" pumping in (put their hand underneath and not actually passing the pump)." "At clinicals the nursing home had no hand sanitizer pumps and no gloves" "I have had floor nurses say that "Students wash their hands too much." I have also witnessed nurses providing care without performing hand hygiene." Table 5 Student reactions towards addressing poor infection prevention compliance.
Theme Representative quote
History of speaking-up, but concerns not taken seriously "I speak up some, but I am usually dismissed." "As a student nurse, it can be intimidating to voice to a primary nurse that they are practicing poorly for fear that there may be repercussions. When I do speak up, it is not uncommon for my concerns to be brushed aside or reasoned away with rationalization for why the poor practices were necessary." "As a student, physicians and other providers don't take my opinion seriously"
Willingness to speak-up "If I directly saw a break in aseptic technique I would simply say, 'let me get you another catheter'" "As a student, I feel I have a balance to keep between providing safe care and respecting healthcare professionals who work at each facility. This bothers me, but seems to be part of the territory. If there is something more serious, I will not hesitate to speak up for the sake of a patient. However, as a "germ freak", I will likely be loud about this issue when I graduate. While I will still respect everyone, I will not worry about keeping the balance I mentioned when it comes to infection prevention."
Difficulty speaking up "As a student nurse I don't feel comfortable addressing those issues because I′m not licensed. I would rather bring up the issue to the clinical instructor and let her address it." "As a student nurse. I don't feel comfortable speaking up with things of the sort. It's already hard enough when seasoned nurses don't always like having student nurses around"
Fear of retaliation "I do not feel comfortable speaking up to whoever is doing the poor performances because the thought of retaliation. I do speak up to the clinical professor when observed." "As a student, I am not comfortable speaking up because the one time I did, it set me up for conflict between me and the nurses at each additional clinical day I went to. I was subjected to attitude and an unwillingness to answer any questions I had to further my learning. And when the clinical instructor personally knows the nurses on the floor, it makes it that much harder to feel comfortable saying anything." "In the area where I live there is only one major hospital. The relationship between the management of the hospital and the faculty of the school already seems strained. I fear retaliation if I cause an issue that puts further strain on this relationship." "At times I am afraid to speak up because I'm afraid it might affect my grade or potential for hire."
